
Ethnobiology Summer 199

USE, MANAGEMENTANDDOMESTICATIONOF

COLUMNARCACTI IN SOUTH-CENTRALMEXICO: A
HISTORICAL PERSPECTIVE

ALEJANDRO
Departamento de Ecologia de los Recursos Naturales, Instituto de Ecologia, Universidad

Mexico. Avartado Postal 70-275, Mexico

JAVIER CABALLERO
Jardin Botdnico, Instituto de Biologia, Universidad National Autonoma de Mi

Anartadn Postal 70-614. Mexico, D.F. 04510, Mexico

BANUET
Departamento de Ecologia Funcional, Instituto de Ecologia, Universidad National

Autonoma de Mexico. Apartado Postal 70-275, Mexico, D.F. 04510, Mexico

ABSTRACT.- Ethnohistorical and ethnobotanical information on columnar cactus

species utilized and managed by peoples of the south Pacific slope in south-centra

Mexico is presented. This region comprises the highest diversity of spea«ot

columnar cacti in the world, with 45 of the 70 Mexican species of ™Y******
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especies de cactaceas columnares utilizadas y mane]a das p ' £ de la mayor
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recolectadas a partir de poblaciones silvestres. No obstante, poblaciones silvestres

de 18 especies son manejadas in situ, y 12 especies son cultivadas. Aspectos tales

como la calidad y disponibilidad de los productos utiles de las cactaceas

columnares, su importancia en la subsistencia humana, asi como la viabilidad

con la que pueden ser manipuladas, son todos factores que influyen sobre el tipo

de manejo de estas plantas. Con base en un patron de domesticacion ex situ e in

situ actuando simultaneamente, observado en Stenocereus stellatus, se propone la

hipotesis de que tal patron podria presentarse tambien en especies de cactaceas

columnares de crecimiento relativamente rapido y con propagacion vegetativa.

Se discute tambien un patron hipotetico de domesticacion in situ actuando solo

en especies de cactaceas columnares gigantes. Estudios de biologia comparativa

de poblaciones silvestres y manipuladas podrian dar informacion sobre las

tendencias y magnitud de los cambios bajo domesticacion, y asi conducir a un

mejor entendimiento de la naturaleza y antiguedad del proceso.

Palabras clave: cactaceas columnares, domesticacion, etnobotanica, Mixteca,

Tehuacan

RESUME.—Information etnohistorique et etnobotanique sur les especes de

cactacees columnaires utilisees et manipulees par les peuples indigenes du versant

Pacifique du sud du Mexique est presentee. Cette region comprend la plus grande

diversite d'especes de cactacees columnaires du monde, avec 45 des 70 especes

mexicaines de Pachycereae et Cereeae, dont la plupart son des especes utiles. Bien

que les cactacees columnaires ont ete utilisees par les habitants de la region pendant

des milliers d'annees, des registres arqueologiques ou historiques sur sa

manipulation par des etres humains dans le passe n'ont pas ete trouves. Dans

l'actualite, desormais, memesi la plupart des especes de cactacees columnaires

son exclusivement recolectees a partir de populations sauvages, certaines especes

sont en plus manipulees par les gens. En fait, les populations sauvages de 18

especes son manipulees in situ, et 12 especes sont cultivees. Des aspects tels comme
la qualite et la disponibilite des produits utiles des cactacees columnaires, leur

importance pour la subsistence humaine, et la viabilite avec laquelle elles peuvent

etre manipulees, son les facteurs qui agissent sur le genre de manipulation de ces

plantes. Des modeles de fa^ons de domestication qui pourraient avoir lieu ex situ

columnaires
dormer

de l'information sur les tendences et la magnitude des changements sous

domestication, et nous mener ainsi a une meilleure comprehension de l'antiquite

de ce procesus.

columnaires, domestication . etnnbotaniaue. Mixtec, Tehuacan
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commonvegetation types in the area, and
Valley (MacNeish

annery

by human beings probably from 12,000 years B. P. These studies also found in thi-

World

present, nearly 19 indigenous ethnic groups live there (Table 1) (see Valdes y

information

abundance

>iderable diversity of human cu

anagement to which columnar

elements.

times

ant and animal

easy accessibility and diversity, offering a great variety of re-

source options to the ancient gatherers. For example, in the Tehuacan Valley alone,

Gama
them

Valiente-Banuet, 1995).

Guerrero

FIGURE 1.- The South Pacific slope of Mexico.
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TABLE 1. —Indigenous ethnic groups from the southern Pacific slope of Central

Mexico.

Ethnic group Distribution within the region

Amuzgo
Chatino

Chinantec

Chontal de Oaxaca

Cuicatec

Huave
Ichcatec

Mazahua
Mazatec

Mixtec

Mixe

Nahua
Otomi

Chocho-Popoloca

Purepecha

Tlapanec

Tnqui

Zapotec

Zoque

Guerrero, Oaxaca

Oaxaca

Oaxaca

Oaxaca

Oaxaca

Oaxaca

Oaxaca

Michoacan, Mexico
Oaxaca

Oaxaca, Puebla, Guerrero

Oaxaca

Michoacan
Puebla, Mexico
Puebla, Oaxaca

Michoacan, Guerrero

Guerrero

Oaxaca

Oaxaca

Oaxaca

remains of nine cactus species (Table 2) from archaeo-

remains
1 (bmith, 1986). Among the species identified, the columnar
lmDOrtant nl^nf rt»cr*nt-/^^o ;*-» 4-U^ «.^^_ U— U^^-m,-^ rxre

in

items
But this information contrasts with that found in human

in stem
me following types of cactus remains: 1) "Opuntia spp.", 2) " Lemaireocereus" (spe-

cies of the columnar cacti genera Pachycereus and Stenocereus according to current

nomenclature) and 3) "cactus tissue" (unidentified cacti, including possibly co-

lumnar cacti). In the earliest coprolites found, from the El Riego phase (6,500-5,000

remains
leaves

ieand

ciung mtn setaria seeds, pochote roots (Ceiba parvifolia Rose), m
\Agave spp.) and meat. In the Coxcatlan phase (5,000-3,500 B.C), ste
mmsot Opuntia" and "Lemaireocereus" were equally dominant material, acc^

Zll^a^f 1 mthe Abe
J
as (^500-2,300 B C), Ajalpan (1,500-900 B.C.), Santa

Maria (900-200 B.C.), Palo Blan™ '™n u r a t-, 4kJ.I* *,LZ. c^A* < A.D. 700-

1/540) phases, consumption of

'

Maria
important

Lemaireocereus" stem
//

//

ring

coprolites.
principal plant constituents
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remains of raw stem
//

ing

in
//

Lemaireocereus"

having
observed evidence of stems of "Lemaireocereus" emus

ermis

Pacific slope. —Domestication

m

determined by human beings (see Darwin,
992). This process results from the continuous mani
and physiological variation of plant and animal pop
ig to their social, economic, cultural, and technological

tunbequence or domestication, populations of organisms that are manipulated by

people are under a continuous process of genetic divergence with respect to the

original wild populations (see Hancock, 1992; Casas et al, 1997a). Domestication
therefore involves forms nfmaninnlafmr. nfnUnt «»• ^Jrv,-.! «A«,,l^ nM ftin-mah

make
manipulation of plant or animal copulations throu

selection (favoring survival and reproduction of desirable phenotypes whereas
undesirable phenotypes are eliminated), genetic drift (resulting from isolation of

small fractions of genetic variation within manipulated populations), migration
(resulting from the movement of plants and animals among localities, regions and/

>nrinents as consequence, for instance, of human migr
inge), as well as manipulation of reproduction systems,
here is no evidence from archaeological remains that a
were cultivated nor that their populations were manij
within the south Pacific slope. However, ethnobotanical

other

1997b)

Map
of

between humans and plants, including columnar
that some of them could have derived from similar forms
practiced by people in the past. Casas et al. (1996) gagement into those occurring in wild plant populat

forms of plant

Through management in situ, humans may take products from nature with-

ficant perturbations, as in some types of gathering. But also, they may
structure of plant populations thereby increasing the quantity of target

These are cases of 1) "tolerance", or practices

maintain within man-made environments
nvironments were transformed bv humans; 2) "enhancement

if plant:

- r ™«, v,^u F it;u Dy wna populations in order t«

plant populations; and 3) "protection" or conscious

i ncrease

plants, but it is also possible to find them

examples of these forms of managerr
al, 1996, 1997a; 1997b). On the other

teractions taking place outside natural

humans. They usually occur v\

d/or pruning to safe-

rompnt in Casas

The
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plant management
sowine and olantine of sexual or veeetative propaeules (see

tfflJ.,1996).

commonly occurs among
not all cultivated plants are necessarily under domestication processes (see Harlan,

1975, 1992). However, some forms of artificial selection have been identified to

occur also under in situ forms of plant management. Gatherers usually distinguish

individual plants of some species which are different in features related to quality

of food, such as flavor, size, color, presence of toxic substances, etc., and choose

the best plants to use (Casas and Caballero, 1996; Casas et al, 1996, 1997a, 1997b).

The edible wild plant species and the preferred variants, are tolerated, enhanced

and/or protected in situ when they are found during the clearing of forest areas,

whereas those species and variants whose edible parts are not preferred by people,

are eliminated. The effect of this form of artificial selection, as well as other evolu-

tionary forces determined by human beings under forms of management in situ, is

documented. However
(M

Riccob ;nu vv l iiLi i iiavt ^v-vn ^w^^^w** —.- —
_iat artificial selection in situ has produced significantly

higher frequencies of favorable phenotypes in tolerated populations when com-

pared with wild populations. Particularly in the cases of L esculenta (Casas and

Caballero, 1996) and S. stellatus, (Casas, Valiente-Banuet and Caballero, 1998; Casas

et al. 1998, 1999a), through multivariate statistical analyses it was found a signifi-

cant morphological divergence between wild, managed in situ and cultivated ex

These

mo
variants, in assessing quality of products, and in selecting individuals ror prerci-

ential propagation, that is, those characters that are direct targets of artificial

information
morphological (and presumably also genetic, see Casas et al., lw * a ' x ^' u ' "' *

gence through both cultivation ex situ as well as management of wild popuianons

domest
plant species in the south Pacific slope.

Objectives.- This research aimed at examining in a historical perspective cultural

^pects about use, management, traditional classification and role of c^umnar

«Kti in the economy of peoples of the region. The purpose was to document and

analyze possible processes of artificial selection occurring on these P^P£^
now such processes might be operating, which factors are influencing this proces

how

METHODS

iformation hronicles of the Conquest and
information

management of columnar cacti. In
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species referred to in such documents were carried out based upon the descrip-

tions and illustrations included on them.

Ethnobotanical studies.— A survey was conducted among indigenous peoples of

the south Pacific slope in order to investigate patterns of management and mecha-

nisms of artificial selection on different species of columnar cacti. Information on

factors influencing the different ways of management such as forms of use, spatial

and temporal availability and role in human subsistence of their useful products

was emphasized. This information stressed morphological features of the differ-

ent species and variants preferred for different purposes, as well as the destination

of products of columnar cacti and their role in the economy of the household.

Semi-structured interviews were conducted with a total of 12 Nahua, Mix tec and

Chocho-Popoloca key native consultants in order to elicit folk classification of cacti

among these indigenous ethnic groups of the Tehuacan-Cuicatlan Valley. People

interviewed were from the Nahua villages of Coxcatlan and Rancho El Aguaje,

Municipality of Coxcatlan, Puebla; the Mixtec village of Santa Catalina Chinango,

Municipality of San Pedro y San Pablo Tequixtepec, Oaxaca, in La Mixteca Baja;

and the Chocho-Popoloca villages of Los Reyes Metzontla and San Juan Raya,

Municipality of Zapotitlan de las Salinas, Puebla.

The ethnobotanical information was complemented with data for the species

studied from the Banco de Informacion Etnobotanica de Plantas Mexicanas

(BADEPLAM) of the Botanical Garden at the Instituto de Biologia, Universidad

Nacional Autonoma de Mexico and from bibliographical sources, especially from

Bravo-Hollis (1978), Casas (1997) and Casas et al. (1997b).

RESULTS

on use and management of columnar cacti. —The "General and Natu-

the Indies" is one of the earliest written documents including

columnar cacti. It was published by Hernandez de Oviedo y Valdes,

cler of the NewWorld, in 1535. In chapter XXVI, this author wrote

"De los Cardones en que nasce la fructa que llaman pitahaya. No

ni danosa y es de buen parecer a la vista. Los cardones en que

nascen estas pitahayas, es cosa fiera e de mucha salvajez la forma de ellos, los

cuales son verdes e las espinas, pardas o blanquecinas, y la fructa colorada

fructa

fruit

harmful fruit and it is eood lookine. The
which

form. The

chapter:
brownish o// anothe

//

mayores que lanzas de armas (e aun

como picas luengas) quadrados y espinosos, e a los cuales llaman los Chripsbancr

cinos por que parecen cirios o hachas de cera, excepto en las espinas. Los cardones

llaman cirios en esta isla, hay los assi mismo
terra Firme. Estos son una manera de cardos muy espinosos e sal

r en ellos parte donde se puedan tocar sin muy fieras espinas, noi

Natura se las pone por orden e a trechos una de otras con mucho

)bstante
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FIGURE 2.- Teonochtli, from the De la Cruz-Badiano Codex.

e compas repetidas
inro ii«,:^l . .1

composition

of the army,

"* spines. The spiny plants called cirios by the Christians in tms i.

Present in many other islands and on the continent. These are a kina

Plant very spiny and savage, which have no part that can be touera

spines. However, Nature puts the spines in order and in s

r in a very ordered and repetitive composition ;.

The Barh^ri™ r~A™ *,~~, ikiv> (r>a la Cruz and Badiar
enni Codex from

PJant called "teonochtli''

—w

This plan

identified

fini

as a species of Stenocereus by Bravo-noin^ • / ^ ffl and carious

the text in Latin can be translated as: Ttbrn^
_ ^ ^ ^ shmb

to be picked first with a tooth of a cadaver 1 hen, ^ following

tochtli is milled and roasted, along with deer anue
nrtianoi flour
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this mixture

time

made with white

xochiocotzol and this is burned on live coal and its odor is collected in a piece of

cotton which is applied to the mouth with a certain frequency; or, better, it is tied

to the cheek".

made in 1547 bv some of the first Nahuatl
inish bv Frav Bernardino

tory of the things of the New Spain" (Sahagun, 1970, 1985). In book II of the

many
two drawings

The

first is called "netzolli" (Figure 3) with an inscription in Nahuatl that can be trans-

lated as: "Netzolli: tasty fruit, twist, many spines, it has arms, spiny plant, hurting".

Based on the drawing and the reference to the character "twist" (referring to the

branches) this plant is most probably Escontria chiotilla (F.A.C. Weber) Rose. The

second is called "teunochtli" ("sacred prickly pear") and the inscription can be

translated as: "Teunochtli: It has big fruits with spines, light and dark green, it is

cold, it calms thirst". Based on the general appearance of the plant (Figure 3) and

fruits

harvest of fruits of columnar
crucial for subsistence of some pre-Columbian and post-conqr
northern Mexico with a nomadic or semi-nomadic life, who mi
to zone following the seasonal abundance of cactus fruits.

FIGURE 3. Netzolli and Teunochtli, from the Florentino Codex
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Francisco Hernandez (1959), the official physician of the Spanish King Felipe
• 11 i • / v^ - t-^ » r «t1 • X T 1 11

Mammillaria

cies called also "teonochtli

Martius)
//

In the "Geographic Relations of the XVI Century" there are several references

management
However

the "tec

scribed:

This Relation, written by J

in the "Relation of Acatlan", a village near

//

tit , which is found in chapter 11 in wnicn tne wna rrees are ue-

y otro arbol silvestre llamado teonochtli, que son unos cardone^

\ lleva una fruta llamada pitahayas, muy gustosa y agradable, su

como tea, y se sirven della para alumbrarse." ("There is another wild

jnochtli, which is a big spiny plant with a fruit called pitahayas, very

e; its wood burns like a candle, and people use it for lighting"). This

™T>r,inoUn ^hirUi™ (Ti r*\ .r.ncc ^ RarVphpra thp onlv local columnar

cactus species used at present as a candle.

can
iformation.— In the study area, nearly 40 species of Pachycereeae

^ ^ —. » ^ t -1 * - T^ 1 ^ L ^m i ill J £**. 1

may
columnarguinea Dy people. Nearly half of these species are giant coiunuuu wu1( ^ ~ «

tall, characterized by a slow vegetative growth, flowering for the first time several

dprariac „£i i ... i j- _ i._ i„.,„i ~ rt /->T-Jo fnr ihpsp reasonsdecades armr cpph germination——»*«>aiiei seea germination ana, according iu iu».ai ^v r ^, —
they have not been cultivated (species with habit "G" in Table 3). However, 20

species are of smaller height (2 to 8 m), relatively fast vegetative growth (the first

flowering nm,™™̂ n m.„*„« ^ a , coo H ff prmi nation or 2 to 4 years after veg-

cumve Propagation), with most of these having clonal propagation <mu, a^^^,
to local people, for these reasons they have been viable for cultivation (species

with habit "S" in Tablp *\ Amnn, th PSP soecies, an exceptional morphologicalAmong
human manageme

>us, S. vriseus, S. fr«««s or btenocereus stellatus, S. pruinosus, S. griseus, $. jricu, j. ^'"~"T~ '

Weasel, Escontria chiotilla, Pachycereus hollianus, P. marginatus and MyrUllocactus

geometrizans

.

Uses.- Food. Columnar cacti are used mainly for their fruits, which may be con-

sumed as both fresh and dried "pasados" fruits, used for preparing jams (use i

mTable 3). Although fruits of all species are sometimes consumed by people it s

Possible to distinguish: 1) those species producing juicy sweet fruits, which
_

are

^nsidered in thfestudy to be "good quality fruits" which «f^ **££
Ve*ing; 2) those species considered as "regular quality ^*>^™J*^
occasionally gathered. These include species whose fruits are difficulty to obtain

scarcity
consume

r\t i

—**«-mut:u are inose species wnu^c nu"^
ot ^ng or abundant spines and persistent areoles, or with not very

and3H»w„ • \ r .. * , > • i~ *nH xre rarelv cons

columnar cactus species
are con-



82 CASASet al. Vol. 19, No. 1

I

C
o
u

bo 3
OJ o

X T5
C
o

CD

3
*-

VsO

CD

N

CD

OJ >
bfj^

03

bfj
03

cj

n Jh CD CD

.. £> cd o
u

• *

CD O

03

H
3 u

cj CD

C

o

X *n
CD

s
M
CD

T3 03 X

c
ii

s c

o 2
<l> oj c g

* 6

O c
II o

s 1 -a

"

CD
—
03

0) CD r- 3

3 -9 3 £

a>
* " o

CO G g
cd

v
bOE

°T5* CD

03

c

CD
CDSi

" u
0> CD cd r*s

-c n .

— II

02

>

03
CD

£ 03

SI
s >
c
o

03

CD
CD

Q

03

3

03

CD
CD
CD

D

CD

O

CD

3
D 03

u CD

CD

£
cd

CJ
CD

a,

CD

3
C
CD

X
CJ X

03

§
o

v
X cD

V X O 0) x
lH 03 3 td J-i 3 03

u o £ o u £ o

I

u

^

K X

£<:

o u

Tt*
^

CD

O
>
03

CQ 03

O u

o
CD

-
CD

IIII

££££

tDCDUU

SO

^ _^ rf

* N *

.g

T3
*H
03

S
3

S N
5^ CD

2 -c

I _*-̂
S

8- 5

CD
CD

O

c

X
03

O

X

£

u

Tt
**

CD
CD

C

vi

R
^

O

c-0

03

>

G

O CJ O
o

v v
X X

s
K

l
X Jh

03 03 03 (J

L J h J

o X O oR °,iX X CD CJ CD" o a? CD CD cj

03 03OO 3
s

3 u
O fin

3
a* S

IKI

^^^

C/> O) (J

^^^t

o
CD

>

03
bC

Q
CJ
03

CJ

O
>

N
C

"o3

:

5| ^

u u u u u u U

I
•8

v,

O

J

u
I

X

CO

*
*

G

O

CJ

CD
CD
C

CD

8

03 r^

O

UJ

«=

s
CD

X

U

C
^G

bJO

CD

CD

CJ
03

CQ

CD

!
<D r\

u 03

^ CQ
v^XV CD

5

8

u u
I I

Jh MH HH l-U

<f> & u u

IN IN

in in

*
*

CO

*
*

O

£ CD

b cj
03 ifH

bO >

C
-G
T3

03
U

^G
T5

03
u

"G
CD

G
u
'cd

3

CD
CD

G

G Q £

03

5
CD

-
CQ

^D

Dm

5
CU

-
CD

I
2"3

CJ

c

B

CQ

>
03
s-

cw

CJ
N

s
• • • •1522

CD

3
'j

CJ
o

E

X
3

-e:

8
2

K

^

<*

o

CQ

I
CD

,3
o

2
£

2



Summer 1999 JOURNALOFETHNOBIOLOGY 83

CD

P
Oh

X

2
2 v
05 3

CD

CD

P

X
03

o
a;

X
03

o

U

o

x"
03

q
CD

3
SI

X
03

o

2

CD X
3 03

o

x
v

03

O
<J CD

X
03

o
o

X
03

o
cd

2
(J CL

3
0)

P£££2uo
Gu

u

o

U

si
X
03

o

X

'—

o
o

u
V

O y

u 2

u
e

u
i

u u u u u u u u u y
III XXX xxxx JJ |Jh k

u u
2

I I

u u u u
2222
££££

u

£££

UUUM
V

^
<N (N CN rf

**Vi *

u

CN

r

u

CN

t

^oiU

[N t\ LC

t*h "rft tHH

(N CN (N

*
*
* *

en en en

t^ in

m vo in

r^ LO "tf

CO ^ CO

rl CN CN

*
*
*

*

en en CD C/i

IN K tN

CN CN ** CN

* *
*
* *

o

*

U en en

*

IN
CN

V *

1 c

qj 03

o TJ
Vj C

-Q £

c

y
03

<y

cu

a,

u

o
03

Cu

o o
03 03

S 6^

o o
03 03 (j

.13 ."S o
Oh a- x

o

o
03

2

03

P

03

03 03

O. Oh a

o
03

Oh

9
03 03

O
03

c^aa

o

<d

g

'C
03

g

a*
^^ 03

CD
^

%

^^

3
03

JQ
X
3

CQ

'C
CD

X)
CD ^
O

C^

^
g

y
CD

Q

S x»
•S x

03

s
CD

c

p
03

X

^ CV cv
CD

5 CD

5 °

CD

3
O
U

r^

a;

03

o

c

I

o

CD

X»
CD

03

CO

T3

^>

ro u

£
3
03

8
CQ

CDX
CJ

en

£
•

tt- 3
X. 03
o JD
2 X
3 3

"T3 CQ

o

si
03

CD

O

o
V}

CD

CIh

M
o

03

3

a; cl; lo cri cn en

u
03

CD

O
>
03
v.

03

03

O
CD

£

03

•8

CQ

<3

03

O
o

I

N
CD

C
^03

m
VJ

o

£

X o>

b£) N
*h CD

Q N03

U 13
Si 2

V)

£
3
03

•8

p
CO

lo uS ^n en en c/i en en

1

e>

2
Vi

£

a

en



84 CASASet al. Vol. 19, No. 1

sumed by people. In general, seeds obtained from fresh or dried fruits are washed,
dried and roasted. The roasted seeds are ground with chiles, onion and tomatillo

or "husk tomato" (Physalis vhiladelphica Lam.) or red tomato for orenarine rradi-

main components in

paste.

The roasted cactus seeds may also be ground

Stems and flowers of the species indicated in Table 3 under use "3" are occa-

sionally eaten. Stems of columnar cacti seem to have been a commonfood in the

past (Callen, 1967) but at present these parts are usually eaten during seasons of

food scarcity. Young stems are prepared by removing the spines, cutting them in

longitudinal pieces and removing the medullar portion, then roasting them in or-

These
more commonly consumed

the boiled flower buds may also be prepared with onion and vinegar. This
ticularly commonwith Neobuxbaumia tetetzo but occurs also with flower b

other columnar cacti (Tablp 3V

economic
fruits or 6-10 dried fruits of Stenocereus stellatus (see also Casas et al, 1997b), S.

pruinosus or Escontria chiotilla; 8-10 fresh fruits or 10-15 dried fruits of Polaskia

chichipe,P. chende or N. tetetzo and 1 liter of both fresh or dried fruits of Myrtillocactus

geometrizans are exchanged for one liter of maize; one liter of flower buds for three

liters of maize; and one liter of seeds for fifteen liters of maize. These columnar
cacti seem to be at present the most economically important ones in the region.

Fodder. In general, branches of columnar cacti are cut and fed to domestic don-
keys, cows and goats, after removal of the spines (use "4" in Table 3). Complete
fruitsor their nppl aro aic«,,r.^^j ^„ £—u...f • ™ i i ... j .^-. i «ook

feeding

An //

colonche" or "nochoctli" ("prickly

of
//

M

in JNahuatl) may be prepared from fruits of Opuntia spp., as well as

ies of columnar cacti indicated in Table 3 (use "5"). For preparation

", fruit juice is separated from seeds and then left for fermentation,

its are also prepared by mixing fruits of Myrtillocactus geometrizans,

aguardiente".

Material for construction. Woodof giant columnar cacti is common
StructlOn of hnnw r ™(c 1 c^ ,

rurally

6" in Table 3). People generally collect

from decayed stems and branches of old eiant columnar

ST' Indivi duals of 11 species (use "7" in Table 3), are commonly grown

cultivTtldsb^es
11 h° me8aidenS and aS barrierS f ° r SOil Protection in terraC6S

Dry branches of all species of columnar cacti are collected to use as fuel for

cookin

wood of nfh* i

uimiLnes ot Polaskia chichipe andwood of other plant species, mainl v Ivnnn.n L™™inly Ivi
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for firing pottery, because the specific heat and low amount of smoke produced

when burning branches of these species are considered by people to be particu-

larly efficient for this activity.

Traditional management.— Gathering. Peoples of the area commonly gather fruits

and other useful products of columnar cacti from wild populations (cultural sta-

tus "W" in Table 3). In general, people said that they gather fruits selectively,

preferring larger fruits of species or variants with juicy pulp, sweeter flavor, thin-

ner pericarp, shorter and fewer spines and deciduous areoles.

Forms of management in situ. Additional forms of interaction can also be observed

columnar
columnar

cultivating maize (cultural status "M
part of a general form of management
common practice that people sow ir

This

it is aiso a common practice that people sow m tnese areas seeu& ui spc«»i« ^
legume trees and plant vegetative propagules of the columnar cacti tolerated, in

order to enhance their abundance in populations. Because the individuals of these

tolerated com
arine. Their decision takes into

the species to spare. In the Tehuacan Valley, for instance, according to directed

intervioTATo ~~«~i :r__^_ j ,.u _: c ~„™ 4-^ f^iorato Hiffprpnt soecies in the

follow

manifested

tility

Willd.) M.C. Johnston

marginatus, Myrtillocactrncnycereushollianus, P. marginatus, Myrtillocactus geometrizans, riinetmuuwn »™~,

Zscontria chiotilla, Polaskia spp., Pachycereus weberi, Beaucarnea gracilis Lem. and

Mitrocereus fulviceps (Weber) Backeberg ex Bravo. They also take into account the

characteristics of the useful products of the individuals within each species. In the

case of columnar cacti, people prefer to spare mainly individuals with big fruits,

sweet flavor, thin pericarp and few spines. However, the tolerance of other pheno-

types is also common, especially when there are no other useful species or

Phenotypes competing. Sometimes, people prune the tolerated plants in order to

"nprove conditions for growing maize.

^Ultivatirm A +^4.~1 „;n :„„ ^At-i^^iaA frnlhiral status "C" in Table 3),

serve

*Wyby planting vegetative parts in home gardens or in agricu rural fields ^vhe e

as living fences or as barriers to prevent soil erosion. In .general people

us branches from mature wild or cultivated individuals. I ieces or

Ranches used for this purpose may be 20 to 150 cm long. They are left *V°*£«>
*« sun for ten or fifteen days in order that the cut surface may dry, thus ^educmg

S;al and bacterial infections. Then, the branches are planted in holes 10 .to 40
^cm

d^P with cattle or goat dung added as fertilizer before planting. They are usuany

Panted just before tne rainy season. They are eventually irrigated and ash is com

*"£ de posited, as fertilizer, on the soil covering the main stems.

from se

hdividuals of columnar cu
-'diings which grew from seeds dispersed via puu, —

^au se le J recQ ^ ze variants of ^"^^^b**d on vegetative characteristics, decisions on eliminating or sparing individu
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als are taken after four to ten years, depending of the species managed, when the

individuals first produce fruits.

Indigenous nomenclature and classification of columnar cacti. —Nahua classification.

The Nahua people from the Municipality of Coxcatlan classify the cacti in six great

categories (Figure 4). The first is "nopalli" which includes all the plants of the

genus Opuntia; the second is "nopal-xochitl" ("nopal with flowers") and includes

species of epiphytes with flat stems and beautiful flowers, such as species of the

genus Nopalxochia; the third is " huitznahuac" ("surrounded of spines") or "comitl"

PRIMARYLEXEME

NopaUi

(Opuntia spp. )

SECONDARYLEXEME VARIETAL CATEGORIES

Iztacnoch nopalli (white fruits)

Xoconoch nopalli (sour fruits)

Tlalnecxnoch nopalli (purple fruits)

Nopalxochitl

{Nopalxochia spp.)

oz nopalxochitl (yellow flowers)

Jztac nopalxochitl (white flowers)

Chichinopalxochitl (red flowers)

Nochcuauitl

(species of columnar cacti)

Tepepoa nochtli

(Myrtillocactus geometrizans)

otz nochtli (Polaskia chende)

Tepequio nochtli (Polaskia chichipe)

Cuapetla nochtli (Stenocerus pruinosus)

Xoco nochtli (Stenocereus stellatus)

Huitznahuac (spherical cacti)

Cuaunochtli (epiphytic cacti)

Puyotl (hallucinogenic cacti)

FIGURE 4.- Nahuatl system of classification of cacti

Chich xoconochtli

(red fruits)

Iztac xoconochtli

(white fruits)

Cotz xoconochtli

(yellow fruits)

anec xoconochtli

(purple fruits)
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(which refers to the form of traditional Indian pottery) which includes spherical

cacti such as Mammillaria , Ferocactus, Echinocactus , and others; the fourth is "cuau-

nochtli" ("prickly pear on tree") which includes several species of epiphytic cacti

such as Hylocereus; the fifth includes species of Lophophora which are called "puyotl

(the root of the transformed word "peyote") because of their hallucinogenic prop-

erties; the sixth includes the columnar cacti and is designated by the word

" noch-cuauitl" which means "tree producing prickly pears". It is composed by

the term "nochtli", a word that designates the fruits of all the species of cacti and

"cuauitl" which means tree.

The name of each of these six categories is used by the Nahua as a folk generic

and an epithet, generally referring to some characteristic of a specific part of the

plant, provides a folk specific. In the case of the category "nopal-xochitl" ', the

flowers are the parts which are considered for naming the folk specifics. For ex-

ample, the word "cos-nopal-xochitl" includes as a prefix the term costic, meaning

yellow, signifying the kind of nopalxochitl with yellow flowers, indicating the

cultural and cognitive significance of the flowers for the Nahua people in relation

to these plants. In the case of the "nopalli" (Opuntia) and columnar cacti, fruits are

the most important part used in classification. For example, terms "iztac-noch-

nopalli", "coz-noch-nopalli", "xoco-noch-nopalli" and "tlanecx-noch-nopalli"

designate nopalli with white, yellow, sour and purple prickly pears respectively.

In the case of columnar cacti, the Nahua of Coxcatlan use the name "noch-

cuauitl" or more often only "nochtli" as a folk generic. This reveals the cultural

importance of these fruits to the Nahua. For example, Myrtillocactus geometnzans

is called ' tepe-poa-nochtli" ', ("pitahaya from aggressive hills"); Polaskia chende is

called " cotzo-nochtli" ("yellow pitahaya"); P. chichipe is called " tepe-quio-nochth

( 'pitahaya of scapes -quiotl is the term used for agave scapes- from the hills ),

Stenocereus pruinosus is called "cuapetla-nochtli" ("pitahaya of big tree"); and b.

stellatus is called " xoco -nochtli" ("sour pitahaya").
The first level of classification of columnar cacti by the Nahua is based on

color of the pulp. In the case of " xoco-nochtli" (S. stellatus), for instance (see Lasas

« < 1997b), people name four variants: " chichi-xoco-nochtli" ("red and pink

xoconochtli"), " iztac-xoco-nochtli" ("white xoconochtli"), " coz-xoco-noxtlt (yei-

,Q w or orange xoconochtli"), "tlanec-xoco-nochtli" ("purple xoconochtli J-
iney

subsequently distinguish between sweet and sour flavors, using the words

and" -
'•' ~*

necuti

form part of the names of the
7 Xoc °tl" respectively, but these epithets never form part ot menau«-

PJant Similarly, they use "uitztli" and "amo uitztli" for spiny and non spiny fruits.

Chocho-Popoloca classification. Among the Chocho-Popoloca PeoP\°^
ĥ

^ipality of Zapotitlan de las Salinas, the classification of cacti Mowsi
» ^^dd

Pattern very simi l ar t0 that of the Nahua (Figure 5). The term "tucht ( F y
P<*r

) is used as folk generics for grouping species of Opuntia and ^£rrm

I 2 h
%edUe fruits - ™*term is distinguished from "luchi" that include s

spherical

171' seconda ry lexeme "kdnda" groups species of the genu
f
^" Articular

na

S

r
eQeS ° f colum nar cactus present in the area is designated t>y

f
^

/nW ,

M,
m

*

e

n
instanc e, Stenocereus pruinosus is designated by the name tu

^

sZ
0Cactus Seometrizans by " tuchi-lasha" , Polaskia chichipe by ^T^ sppS

- Watus "tuchi-kishi. In species of columnar cacti, as well as in Opuntm spp.,
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PRIMARYLEXEME SECONDARYLEXEME VARIETAL CATEGORIES

Tuchi

Tuchi kdnda

(Opuntia spp.)

Tuchi china

(fruits of Opuntia and columnar cacti) (Stenocereus pruinosus)

Tuchi kishi

(Stenocereus stellatus)

Tuchi kdnda j at ze

(red fruits)

Tuchi kdnda lula

(white fruits)

Tuchi kishi jatze

(red fruits)

Tuchi kishi lula

(white fruits)

Tuchi Idsha

(Myrtilloc actus geometrizans)

Tuchi cdsha

(Polaskia chichipe)

FIGURE 5.- Chocho-Popoloca system of classification of cacti.

farther categories may be designated by color. In Stenoca
tucht-kishi-lula" and " tuchi-kishi-j atze" are

ants of white and red pulp. Variants of other cc
al. 1997b). Similarly, the names '

' tuchi-kishi-

names gnating
et

—itoM-u^an are used to designate variants of sour, sweet ana lnwp"
^respectively. Variants of spiny fruits are designated by the nam;

tucht-ktshi-nyunu"
, while the variants with few snines are designated by "tucM

1997b)
kishi-canyunu

Mbctec classification. The Mixtec people of the Municipality of San Pedro y
San

ablo Tequixtepec classify cacti in three ereat eroups. In one of them the term
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PRIMARYLEXEME

Vindia

(Opuntia spp.)

Chimiloo

(spherical cacti)

SECONDARYLEXEME

Vindia ton

(black spines)

Vindia cushi

(white spines)

Vindia chiqui

(with edible fruits)

Chimiloo ndanu

(big spherical cacti)

Chimiloo cuati

(small spherical cacti)

VARIETAL CATK.ORIES

Vindia chiqui cuad

(red fruits)

Vindia chiqui cushi

(white fruits)

Ndichi

(columnar cacti)

Ndichi noni

(Myrtillocactus geometrizans)

Ndichi quit it

(Pachycereus weberi)

Ndichi eddy a

(S. stellatus)

Ndichi cudn

(S. pruinosus)

Ndichi yaa

(Polaskia chichipe)

Ndichi lay a

(S. marginatus)

GURE6.- Mixtec system of classification of cacti.

Ndichi caaya cuaa

(red and pink fruits)

Ndichi caaya cushi

(white fruits)

Ndichi caaya ton

(purple fruits)

Ndichi caaya cuan

(yellow and orange fruits)

terms

//

naming Opuntia species (Figure

vindia-ton" ("black

7 ,
may reter ^ characteristics of cladodes, tor excuup-

orese nce of

**f) and "vindia-cushi" ("white nopal") are terms referring to the pres ^
fack and white colored spines respectively. Specific terms may also re

^eristics of fruits which are called "chiqui".
"Vindia-chtqut-cua<

> ^ J of
Pear nopal"), " vindia-chiqui-cushi" ("white prickly pear nopal )ar ^
this sihiaH^ c_i • ,

^
.. i„„:r:^ „ c m(r the folk genencs <-«

Mixtec
pedes
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//

chimiloo-nddnu" ("big spherical cactus") in which Ferocactus and Echinocactus
species are included, and " chimiloo-cudti" ("small spherical cacti") which includes
Mammillaria and Coryphantha species. The third main group is formed by colum-
nar cacti classified using the term "ndichi" as folk generics, which is also used for

naming fruits of columnar cacti.

Species of columnar cacti are distinguished using particular terms. For ex-
ample, " ndichi-noni" ("maize fruit") is used for naming Myrtillocactus geometrizans;
" ndichi-quitu" for Pachycereus weberi; "ndichi-cddya" ("sandy prickly pear") for

S. stellatus; " ndichi-cuan" ("yellow prickly pear") for S. pruinosus; "ndichi-ydd"
("white prickly pear") for Polaskia chichipe and " ndichi-lay a" for P. marginatus.

The Mixtec thus clearly distinguish between fruits of Opuntia and fruits of

columnar cacti naming them as "chiqui" and "ndichi", respectively. Fruits of spheri-
cal cacti are also called

//

consumed
Mixtec

for fruits of Opuntia spp. and columnar cacti has also been found among the Zapotec
of San Juan Mixtepec, Oaxaca (Eugene Hunn, personal communication).

Variants of columnar cacti are classified based on fruit characteristics. In the
case of S. stellatus, for instance (see Casas et al, 1997b), the first level of classifica-
tion is based on color of the pulp. The Mixtec distinguish two main categories of

'xoconochtli" according to their color: the red "xoconochtli" {" ndichi-cddy a-cuad")
and the "colored xoconochtli" (" ndichi-cddy a-color") in which they group

They
fruits of the three other colors (including

DISCUSSION

indicate
history of utilization of columnar cacti by peoples of the south Pacific slope re-

gion no evidence could be found in such sources about cultivation of these plants.
In relation to thp hicfnri^i a™„~ ^ i L • j-rr. «. . . .1 . i~ .. r u^document

the Indian home~~ ^m uiu nor ooserve the presence of columnar cacti in the Indian home
gardens as they can be seen at present. One possible explanation for this omission
in tne documents could be that Spaniards did not consider fruits of columnar cacti
to De important resources, and for this reason they did not describe them as they

id not describe many other plants. In this respect, it could be illustrative to men-

snpr 7, CaSG° f °P untia
> th ere are several references on cultivation of thoseS

(

edl
^

at f to the Production of the "grana" (cochineal), a very important

ihp IZa \
SPaniards

'
bu * there are no references to those species dedicated to

meproduction of nrirkh^oo v f^,: t „ d... ._ ., ., , / . , . _ c „<4, anfruits

columnar cacti started more

this

studies might also provide helpful information
"!> ro examine evolutionary changes of columnar cacti unaex

r comparative analysis of morphological and genetic variation

manipulated plant populations, as well as the analysis of repro-

and other biological aspects commonlv affected by human
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manipulation. This information might contribute to evaluating the extent and trend

of changes under domestication and to better understanding about the antiquity

of human manipulation.

The ethnobotanical information obtained indicates that at present people make
decisions about how to manipulate columnar cacti species or variants according

to the quality of their products, and their role in human subsistence (Figure 7).

Thus, the species and variants cultivated or managed in situ are generally thos«

with the most useful fruit characteristics. However, as we found in the case ot

Stenocereus stellatus (Casas et aL, 1997b), cultivation is particularly intensive mar-

commercialization

more

Quality of products

Role in human subsistence

Availability of products in the wild

Viability and ease of manipulation

Gathering

Management in situ

Cultivation

FIGURE 7.- Factors influencing types of interactions between people and columnar cacti

crucial

rn of plant man

m*e area. Thus, we found that Leucaena esculenta and S. stellatus are mtew^
cultivated generally in places where wild populations are scarce, but not where

*«y are abundant in the wild (Casas and Caballero, 1996; Casas e al.^ 1997^

Also, Messer (1978) refers to a Zapotec informant who affirmed that ••*«"

he chipil (Crotalaria pumila) seeds to plant for the time when there are none in t

helds so wp w;n u^L L ^ s> a o,™i a r dtnation was observed by Lasas,

Vi Vl

ipil (Crotalaria pumila) seeds to plant for the time when mere «.c.-

so we will have greens to eat". A similar situation was obsen eo :vy .

k *„a ^.u_„ _.._?., ™,. ^ _ w.„*~, n ( r.nprrpro who, durmg the ary
among the Mixtec

tivate Crotalaria pumila and Anoda cristata and enhance

in ordpr tn inrrpacp fhpir availabilitV-_. w lllt ^ ML, v „ tv ._ availability.

The viability and ease of manipulation is also important. Thus

^ such as Neobuxbaumia tetetzo, N. mezcalaensis ,
M'"^^^

^hycereus weberi, among others (Table 3), produce fruits of a ^ «^ g
- not

effort ofr" n ot s °wing seeds and taking care of seedlings whose H-- .

for mak.

* re not going to be seen by the sower. Slow growth may notbe
*£

2tt=- — «̂" rt^SK Hlever,L ef-
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feet of artificial selection favoring particular phenotypes of these species in situ

might be hardly notorious given the difficulties people have increasing numbers

of desirable phenotypes by intentional direct propagation. Furthermore, when

seeds of desirable phenotypes are sown, their generally outcrossing reproduction

system (Casas et al., 1999b; Valiente-Banuet, et al. 1996, 1997a; 1997b) would make

uncertain that the phenotypes selected were those expressed in the progeny sown,

due to the additive genetic variance of desirable traits. On the contrary, the fixa-

tion of desirable characters in species with vegetative propagation such as S.

stellatus, S. pruinosus or S. queretaroensis (Table 3) is relatively easy. In these species,

the reproductive system is generally also outcrossing (Casas et al., 1999b, Pimienta-

Barrios and Nobel, 1994), but artificial selection on progeny from sexual

reproduction is possible because they grow relatively fast.

Traditional classification of species and infraspecific variants of columnar cacti

are generally based on characteristics of fruits, particularly size, color, and flavor

of the pulp, as well as spininess and thickness of the peel. Fruits are at the same

time the main useful parts and the characteristics mentioned are used by people

for characterizing the quality of the fruits. Combinations of states of such charac-

teristics may produce a broad spectrum of species and variants recognized by

Wild populations ^ Management in situ ?

(Mitrocereus fulviceps, Neobuxbaumia tetetzo

Pachycereus weberi,P. pecten-aboriginum,

Stenocereus dumortieri S. fricii, S. chrysocarpus)

v
Management in situ

V
Cultivation

(Escontria chiotilla, Myrtillocactus spp., Pachycereus hollianus,

P. marginatus, Polaskia spp. Stenocereus pruinosus,

S. queretaroensis, S. quevedonis, S. standleyii, S. stellatus, S. treleasei)

FIGURE 8.~ Possible routes of domestication of columnar cacti.
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people, which constitute the raw matter for artificial selection at plant community
or species level. Artificial selection is apparently carried out by identifying and

subsequently increasing by vegetative propagation the frequency of individuals

with desirable phenotypes from wild, managed in situ or cultivated populations.

Vegetative propagation is carried out by carrying branches of the desirable plants,

wild or cultivated, to home gardens. But artificial selection apparently also occurs

when plants of desired forms are preferentially spared or protected when land is

cleared and non-desired plants are eliminated. A similar form of selection appears

to occur when seedlings are spared by people in cultivated populations until their

fruits can be evaluated, after which plants are either retained or discarded.

This information suggests that artificial selection is a potential or actual pro-

cess that may act on species that are cultivated. Artificial selection has caused

significant divergence between wild and manipulated populations in species such

as Stenocereus stellatus and S. queretaroensis as has been documented by Casas (1997),

Casas et al. (1999a, 1999b) and Pimienta-Barrios and Nobel (1994, 1998), and might

also be significant in species such as Myrtillocactus geometrizans, M. schenki, Escontria

chiotilla, Pachycereus hollianus, P. marginatus, Polaskia chichipe, P. chende, Stenocereus

fried, S. griseus and S. pruinosus, among others, which are intensely cultivated and

managed in situ and have important morphological variation in characters that

are targets of selection by people. However, the demonstration and evaluation of

the extent to which these species have been domesticated is yet to be done. The
case study of Stenocereus stellatus (Casas et al. 1997b, 1999a, 1999b) allows us to see

that domestication under management in situ is an ongoing process. This case

suggests that both in situ and ex situ artificial selection may be acting simulta-

neously in some species (Figure 8). This pattern of in situ and ex situ domestication

acting in conjunction could be similar in species of relatively fast vegetative growth
and clonal propagation. But a pattern of domestication in situ acting alone could

allow us to analyze possible processes of domestication of some species of giant

columnar cacti such as Pacycereus weberi, Stenocereus dumortieri, Neobuxbaumia tetetzo

and N. mezcalaensis , among others.
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